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Abstract
Risk factors for mortality and length of hospital stay in elderly burn patients are well established,
but the influence of race and socioeconomic status has not been evaluated. This study evaluates
the effect of neighborhood level socioeconomic indicators on burn injury risk determines whether
race and neighborhood influence burn injury outcomes in the elderly.
Data from the North Carolina Jaycee Burn Center was linked to United States Census Bureau
block group socioeconomic data. The odds of death and increased length of hospital stay for
Caucasians and Minorities were determined using logistic regression. Rates of burn injury were
determined using Poisson regression and multilevel modeling was used to evaluate the influence
of neighborhood on outcomes.
No significant differences in mortality were observed between Caucasian and Minority patients in
individual (Minority OR 0.71; p=0.3200) and multilevel (0.72; p=0.4020) models. Minorities had
significantly higher odds of increased length of hospital stay in individual (2.05; p=0.0020) and
multilevel (2.55; 0.037) models. High proportions of rural households (RR=1.39; p=0.0010) and
poverty (1.26; p<0.0001) were significantly associated with increased risk of burn injury.
Additional investigation using larger databases will allow further elucidation of the contextual
effects of socioeconomic status on burn injury in the elderly.
INTRODUCTION
Older adults are at high risk for burn injury [1], [2], and [3] and experience significant burn-
related morbidity and mortality [4]. Burns and other fire-related injuries are currently the
second-leading cause of death from home accidents among older adults [5]. Extremes of age
are an independent predictor of mortality in burn injury. In the elderly cohort this is due in
part, to pre-existing comorbidities complicating surgical management [6].
Individual-level risk factors for mortality and increased hospital length of stay (LOS) in burn
patients of all ages are well established. Along with advanced age, percent of total body
© 2011 Elsevier Ltd and ISBI. All rights reserved.
Laura Hendrix MS, Clinical Trials Consortium, Department of Surgery, 4024 Burnett-Womack, CB 7211, University of North
Carolina at Chapel Hill, Chapel Hill, NC 27599.
CONFLICT OF INTEREST STATEMENT The authors have no financial and personal relationships with others people or
organization that could inappropriately influence their work.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
NIH Public Access
Author Manuscript
Burns. Author manuscript; available in PMC 2012 August 1.
Published in final edited form as:













surface area burned (%TBSA), comorbid conditions and inhalation injury are the major
independent contributors to mortality in the elderly. Risk factors for increased length of
hospital stay (LOS) in elderly burn patients include %TBSA, inhalation injury, flame injury,
and comorbid conditions such as diabetes and cardiovascular disease [7] and [8]. The
geriatric sequelae that may predispose the elderly to increased burn injury include decreased
physical strength, impaired protective mechanisms, hearing impairment, and poor vision [9].
Older adults may have limited mobility or slower reaction time making escaping house fires
difficult [10].
There are also socioeconomic determinants of burn injury in the elderly, particularly since
20% of the elderly in the United States live below the poverty line [11]. Older adults are less
likely to have a functional smoke detector in their home [12]. Additionally, they may live in
older houses or be unable to maintain houses sufficiently to reduce the possibility of fire.
Hence, older adults are more likely to have more extensive TBSA burn injuries, inhalation
injury, and respiratory failure as compared to their younger counterparts [6]. The influence
of race and socioeconomic status on these outcomes and on the risk of burn injury requires
further investigation.
Health outcome and access disparities among minorities and the economically deprived in
the United States are well recognized and manifested in a wide range of indicators including
burn injury [13] and [14]. In 2006, the age-adjusted all-cause mortality rate for African
Americans was 30% higher than the rate for Caucasians [14]. Compared to the Caucasian
population, African Americans have an elevated death rate for eight of the ten leading
causes of death [15]. Age-adjusted all-cause mortality rates in African Americans was one
and a half times that of whites in 1998, the same as what it was in 1950 [15]. These
inequalities may be explained, at least in part, by socioeconomic status [16]. While the
relationship between race and socioeconomic status is complex, they are highly interrelated
and both are strongly associated with health and mortality [17].
Area-based socioeconomic indicators provide a means of characterizing an area’s residents,
as well as evaluating the contextual effect of characteristics not reducible to the individual
level, such as proportion of residents living in poverty. The availability of multiple area
level indicators from the US Census bureau and the development of geocoding tools have
allowed evaluation of the effects of area level social inequality on health outcomes.
Numerous studies have shown that living in a deprived neighborhood exerts an effect on the
health of residents above and beyond their own economic status [18] and[19].
One of the key tenets of injury prevention is to identify high-risk cohorts and environments
so that targeted prevention strategies can be deployed. Geographic information systems
(GIS) have become important tools for understanding population health. GIS allows the
integration of data from a variety of sources and provides a means of analyzing spatial
distribution and patterns. A growing body of literature has demonstrated that characteristics
of communities where people live, such as family stability, housing conditions, income and
wealth, crime, and unemployment influence health outcomes [20] and [21]. The use of GIS
enables linkage of individual data and community level data obtained from the United States
Census Bureau, facilitating the analysis of the geographic dimensions of health at a variety
of levels; from state to county to the smallest unit of analysis, the census block group,
consisting of a few city blocks.
The aim of this study is to identify demographic and geographic subgroups at increased burn
injury risk, and to examine socioeconomic, individual, and neighborhood-level determinants
of burn injury and outcome among the elderly population admitted to the UNC Jaycee Burn
Center (JBC) between 2000 and 2008.
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After approval from the UNC IRB, demographic and clinical data was obtained from the
JBC registry for patients aged 60 and older admitted between January 2000 and December
2008. Data from patients residing outside of North Carolina were excluded from the
analysis.
1. Individual-level analysis
Patient clinical data was obtained from the JBC registry in an Excel spreadsheet and
imported into Stata 10 (Statacorp, College Station, TX) for analysis. Patient variables
available from the registry included %TBSA, age, gender, race, presence of inhalation
injuries, patient insurance, hospital length of stay, and whether patient survived, and if so,
hospital dispensation. The presence of any comorbidity utilized in the calculation of the
Charlson comorbidity score (diabetes, peripheral vascular disease, congestive heart failure,
HIV infection, etc), a predictor of long-term survival, was also available.
Because of non-normal distribution of data, patient age was stratified into quartiles, as was
%TBSA. Due to small numbers of patients of race other than Caucasian and African
American, race was re-categorized as Caucasian or Minority. LOS was dichotomized at its
median as it also exhibited non-normal distribution.
Baseline characteristics of Caucasian and Minority patients were compared using t-tests for
continuous data and chi-squared tests for categorical data. Univariate analysis was carried
out to evaluate the odds of mortality and LOS>median value. Variables found to be
significantly associated with these outcomes were modeled in multivariate logistic
regression analyses. Likelihood ratio tests were carried out to assess the linearity of effect
for categorical variables.
1. Block group-level analysis
Block group and county boundary shapefiles were obtained from the North Carolina Center
for Geographic Information and Analysis (http://www.cgia.state.nc.us). The census block is
the smallest geographic unit for which 100 percent data is collected by the United States
Census Bureau, and approximates a city block. The block group, a subdivision of the census
tract, contains approximately 39 block groups, and is the smallest geographic unit for which
1-in-6 sample data is collected. Block groups typically contain between 300 and 3,000
people. Block group and county boundaries were projected in ArcView 9.3 (ESRI,
Redmond, CA). The catchment area from which the JBC draws patients was defined as all
block groups within counties east of Forsyth, Stokes, and Davidson county boundaries as
well as the Charlotte metropolitan area. This area comprises approximately two-thirds of the
state.
The latitude and longitude of each patient’s address was determined using Excel Geocoding
Tool v2 (Juice Analytics, Reston, VA). Each patient’s location was then projected into its
respective block group in ArcView. For purposes of the analysis, patients residing within
North Carolina but outside the JBC catchment area were excluded. Summary counts of
patients in each block group were generated from this data.
Block group attribute data from 2000 was obtained from the US Census Bureau. Race, age,
sex, and housing characteristics were obtained from Summary File 1, which provides 100%
data for every person and housing unit in the United States. Education, median household
income, and poverty status data were obtained from Summary File 3, a 1-in-6 sample
weighted to represent the total population. This data was merged with the block group
shapefile based on unique 12-digit block group codes.
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Finally, patient count data was merged with block group socioeconomic data to create a
complete database containing the socioeconomic attributes of, and number of patients
admitted from, each block group. This data was then imported into Stata 10 for analysis.
Continuous variables were categorized either by their quartile distributions or by a priori
considerations, for example the federal definition of “poverty area” as regions where ≥20%
of the population is below the US poverty line [22]. Block groups were considered to be
rural if the proportion of rural households was greater than the median value for all block
groups. The characteristics of census blocks in which burn injuries occurred were compared
to those in which no burn injury occurred using the Wilcoxon rank sum or chi-squared tests
where appropriate.
For this portion of the analysis, the data were counts of burn injuries nested within block
groups, standardized by block group population size. This data approximated a Poisson
distribution, with a large number of trials and a small probability of success. Uni- and
multivariate Poisson regression was therefore used to model the effects of block group level
socioeconomic indicators on the risk of burn injury. The assumption of independence of
observations in this analysis may have been violated due to multiple observations from the
same block group. To adjust for any such clustering effect, rate ratios, p-values, and 95%
confidence intervals were calculated using a random effects model. Likelihood ratio tests
were carried out to evaluate the significance of clustering effects.
3. Multilevel analysis
In order to adjust individual level predictors for correlation between individuals within block
groups, multilevel logistic regression modeling was carried out using individual variables as
the first level and block group as the second level of the model. Race and other variables
found to be significantly associated with mortality and LOS>median in the multivariate
logistic regression models were included in the multilevel models. Likelihood ratio tests
were carried out to evaluate the significance of block group effects observed at the
individual level and assess whether multilevel or multivariate logistic regression models
provided the best fit of the data.
RESULTS
1. Individual-level analysis
Between 2000 and 2008, a total of 476 patients aged 60 and older from North Carolina were
admitted to the burn center. Of these, there were 406 patients resident within the JBC
catchment whose addresses could be successfully geocoded and linked to census data. The
characteristics of those excluded from the analysis were not significantly different from
those who were included.
The characteristics of this population are shown in Table 1. 36.2% of patients were female
and 63.8% were male. The overall median age was 69.8 years. 277 (68.2%) of patients were
of white ethnicity and 129 (31.7%) were of other ethnicity. Approximately three quarters of
patients had burn injuries of <18% TBSA (73.1%), and 93 (22.9%) patients died. Median
hospital length of stay (LOS) for all patients was 10 days, with Minorities having
significantly longer median LOS (15 days) compared to Caucasians (7 days; p=0.0006). 66
(16.2%) patients had inhalation injuries. There were significantly more Minority patients
with diabetes (p=0.0004) and peripheral vascular disease (p=0.0390). 28 patients died within
24 hours of admission. The majority of these had non-survivable burns, serious
comorbidities, or both; median TBSA for patients who died ≤ 24 hours after admission was
62.5% (data not shown).
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The odds of mortality and LOS>median were evaluated in a univariate analysis (Table 2).
Minorities had 15% lower odds of mortality than Caucasians but this association was not
significant (OR=0.85; 95% CI= 0.81-1.41; p=0.5184). Mortality was significantly associated
with male gender (1.63; 1.01-2.62; p=0.0410), highest age quartile (2.81; 1.47-5.36;
p=0.0015), highest TBSA quartile (21.08; 6.98-63.64; p<0.0001), male sex (1.63; 1.01-2.62;
p=0.0410), inhalation injury (4.30; 2.41-7.68; p<0.0001), and diabetes (0.51; 0.26-1.00;
0.0352). After adjusting for age, TBSA, and inhalation injury in the multivariate analysis,
Minorities had 29% lower odds of mortality than Caucasians, but the association remained
non-significant (0.71; 0.36-1.39; p=0.3200). Age quartile remained significantly associated
with death and demonstrated a linear effect (1.66; 1.26-2.18; p<0.0001). TBSA in the third
(2.87; 1.03-8.05; p=0.0440) or fourth (22.86; 8.75-59.70; p<0.0001) quartile and inhalation
injury (3.07; 1.56-6.08; p=0.001) remained significantly associated with mortality.
In the univariate analysis, Minorities had twice the odds of LOS>median compared to
Caucasians (2.01; 1.31-3.11; p=0.0012). TBSA in the third (2.60; 1.40-4.81; p=0.0016) or
fourth (1.92; 1.07-3.43; p=0.0250) quartile, peripheral vascular disease (PVD) (3.55;
1.38-9.13; p=0.0050), and other comorbidities (2.72; 1.22-6.09; p=0.0109) were also
associated with LOS>median. After adjustment for TBSA and PVD in the multivariate
model, Minority race remained significantly associated with LOS>median, (2.05; 1.31-3.21;
p=0.0020). TBSA in the third (2.93; 1.58-5.42; p=0.0010) and fourth (2.13; 1.18-3.84;
0.0120) quartile and peripheral vascular disease (3.40; 1.29-8.95; p=0.0130) also remained
significantly associated with LOS>median in the multivariate model.
2. Census-block level analysis
The state of North Carolina consists of 5251 inhabited block groups. 3631 block groups are
located within the JBC catchment area. The 406 patients in this analysis resided in 377 block
groups within this area. Block groups in which burn injury occurred had significantly lower
median household income (p=0.0009), proportion of college or postgraduate graduates
(p=0.0015); and proportion of Caucasian residents (p=0.0001) (Table 3) than those in which
no burn injury occurred. Block groups which burn injury occurred also had significantly
higher proportion of the population living below the poverty line (p<0.0001), in areas
classified as rural (p<0.0001), and single female household heads (p=0.0003). No significant
difference in the proportions of rental households was observed (p=0.5681).
Variables that were significantly associated with reduced risk of burn injury in the univariate
analysis were median household income (0.76; 0.64-0.90; p=0.001), proportion of
population with college or postgraduate educational attainment (0.75; 0.63-0.90; p=0.001),
and proportion Caucasian (0.71; 0.58-0.83; p<0.001) (Table 4). Variables significantly
associated with increased risk of burn injury were proportion living below the poverty line
(1.39; 1.18-1.63; p=0.001), proportion of single female household heads (1.24; 1.05-1.47;
p=0.010) and proportion aged 60 or older (1.23; 1.05-1.47; p=0.013). The proportion of
rental households was not significantly associated with risk of burn injury (1.09; 0.92-1.30;
p=0.327), nor was proportion of rural households (1.39; 0.98-1.99; p=0.068). In the
multivariate analysis, only proportion living below the poverty line (1.26; 1.16-1.39;
p<0.001) was significantly associated with risk of burn injury, with being considered a rural
census block demonstrating borderline significance (1.42; 1.00-2.02; p=0.050). Likelihood
ratio tests indicated that all variables demonstrated significant block group clustering effects
(data not shown). Significant correlations were observed between all socioeconomic
variables (Spearman’s correlation coefficient p<0.05) with the exception of both median
household income and proportion living in poverty with proportion of rural households (data
not shown).
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After adjusting for area effects, estimates for individual risk factors became less precise than
the single level estimates. The odds of mortality for each age quartile increased to 1.83
(1.02-3.29; p=0.043), and for the highest TBSA quartile to 40.33 (1.76-922.47; p=0.021)
(Table 5). For inhalation injury, the odds of mortality were no longer significant (4.08;
0.97-17.19; p=0.056). The odds of LOS>median increased to 2.55 (1.06-6.18; p=0.037) for
Minority race. The odds of LOS>median for PVD was increased to 4.64 (1.00-21.50;
p=0.050) and was no longer significant, while only the third quartile of TBSA remained
significant, increasing to 3.95 (1.19-13.11; p=0.025). Likelihood ratio tests indicated some
area effects but these were not significant for mortality (p=0.3175) or LOS>median
(p=0.1982), indicating that the multiple logistic regression models were a better fit to both
mortality and LOS data than the multilevel models.
DISCUSSION
As the elderly population in the United States grows, the number of burn hospitalizations
within this cohort is likely to increase. However, the burn injury burden is not shared equally
among this subpopulation, with those in lower socioeconomic groups experiencing a
disproportionate burden of injury morbidity and mortality [23]. In this study, there were no
significant differences between Caucasian and Minority burn patients with respect to
mortality in any of the models utilized. Minority race, however, was highly associated with
increased LOS, with more than twice the odds of LOS>median as compared to Caucasians
in the individual level analysis, and two and a half times the odds of LOS>median than
Caucasians after adjusting for area level effects. This finding is consistent with previous
studies that have found that Minorities experience longer hospitalizations than do
Caucasians [24]. Anecdotal evidence at our facility suggests that Minority patients remain
hospitalized for longer periods after burn injuries because of challenges in obtaining support
outside the hospital for complex post-discharge burn care needs. Whether the increased LOS
experienced by Minorities can actually be attributed to race, or whether this phenomenon is
a result of the interplay of race and socioeconomic status, remains to be determined. This
study indicates that neighborhood exerts a contextual effect on LOS that modifies
individual-level risk factors.
Adjustment for neighborhood level socioeconomic status in the multilevel model did not
change the odds of mortality for Minorities substantially, but increased the odds of increased
length of hospital stay by 50%. Likelihood ratio test results indicated that area level effects
in these models were not significant, and that logistic regression models provided the best fit
to the data. Multilevel models, however, may not be reliable when there are few groups or if
many groups contain only one observation, as is the case in this study, with only 26 block
groups having two or more observations. A larger sample size with multiple observations
within each block group would provide a more robust estimate of the group effects on
mortality and LOS. Further investigation using national burn data or additional age groups
within the JBC catchment area will provide more robust estimates of the effect of
socioeconomic status.
Among the socioeconomic status indicators utilized, poverty and rural location appear to
have the strongest contextual influence on the risk of burn injury in the elderly. The federal
definition of poverty is based on income levels relative to cost of providing food and other
basic living requirements. Income-based poverty is highly correlated with other
socioeconomic indicators, as observed in our analysis. Whether poverty mediates the effects
of other socioeconomic indicators or is a direct influence on the risk of burn injury in the
elderly remains to be determined.
Hendrix et al. Page 6













Rural populations have been shown to have disproportionately high injury mortality rates,
and decreasing population density is the strongest predictor of county-specific trauma death
rates in the United States [25]. 73% of rural home fires occur in homes without operational
smoke detectors [26]. In the United States, the percentage of homes that experience a fire
and have a working smoke alarm is 41.8% in urban areas but only 20.8% in rural areas [27].
The isolation of rural homes may also cause delayed detection and longer response times on
the part of fire and emergency service personnel.
Age and tenure of housing have been shown to partially mediate the association between
risk of burn injury and poverty [28]. Older houses are less likely to be in compliance with
housing, building, or sanitary codes and have substandard electrical and heating systems,
narrow stairwells or other safety hazards [29]. Inadequate maintenance is a common
problem in rental properties in low-income areas. Elderly homeowners may also be unable
to maintain homes adequately. This study found that areas with up to a quarter of rental
homes had higher risk of burn injury, but in areas with a higher proportion of rental homes
this association was not significant.
Significant correlation was observed between all the socioeconomic indicator variables used
in this analysis. Determining the causal pathways by which individual socioeconomic
indicators lead to burn injury and isolating the effects of individual indicators will thus be
challenging. The use of a composite deprivation index such as the Townsend index, which
incorporates highly correlated area based measures [30], may be useful to reflect a single
measure of area socioeconomic status. These indices, however, have drawbacks. They are
difficult to construct and validate [18], omit potentially important contributions of
unmeasured or unknown indicators, and mask the underlying contributions of separate
indicators.
Taken together, a picture emerges in which the most deprived populations of elderly people
are those most at risk for burns. The complexities of race, socioeconomic status and the
correlations between them make it difficult to isolate the contributions of each indicator to
the risk of burn, and indeed any health-related problem, particularly when area level rather
than individual level socioeconomic data is examined.
Injury prevention efforts in the past 50 years have attempted to reduce historically existing
racial and ethnic disparities in residential fire, poisonings, pedestrian injury, motor vehicle
traffic, suffocation, homicide, and others [31]. Some successes have been achieved [32],
[33], [34], [35], [36], [37], and [38] however; the application of knowledge, access to safety
devices, changes in behavior and achieved rates of safety practice may be lower in resource-
limited communities [39]. This is highly relevant to older adults, as 20% of the elderly in the
United States live below the poverty line [11].
This study is to our knowledge unique in the field of burn injury research and represents an
important step toward understanding how disadvantages, measured for both people and
places, can operate to increase risk and mortality from burn injury. The findings presented
here provide evidence for the influence of area level socioeconomic indicators on the risk of
burn, mortality, and increased LOS in the elderly in the JBC catchment area.
Further research is warranted. A larger sample size would allow more precise estimates of
the risk factors for burn injury and associated mortality and hospital LOS. The use of larger
regional or national databases would enable the study of a much larger population, as well as
an analysis of larger geographic trends in burn injury in the elderly. Second, more clearly
refining socioeconomic risk factors for these outcomes by obtaining individual-level
socioeconomic status information from patients would allow analysis of these risk factors at
the individual level. While area-level socioeconomic indicators provide a proxy for
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individual status, they cannot be applied to the individual. The collection of socioeconomic
data from patients would, however, require the commitment of considerable resources.
The increasing size and lifespan of the elderly population in the United States places an
increasing burden on its health care system. The treatment and rehabilitation of burn patients
requires significant resources. Burn injuries represent 1% of the incidence of injuries and
2% of the total costs of injuries in the United States, approximately $7.5 billion per year
[40]. Elderly patients, particularly those with comorbid conditions, require more resources
than their younger counterparts. A reduction in the incidence of burn injury in this age group
would result in significant cost savings. Identification of areas with a population most at risk
for burn injury is essential for the development of effective prevention programs in an era of
limited resources. This study provides a first look at the risk factors for and outcomes for
burn injury in the elderly in North Carolina at both the individual and community level.
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Table 1
Characteristics of patients aged 60 or older admitted to North Carolina Jaycee Burn Center from 2000 to 2008,
by race
All patients (%) (n=406) Caucasian (%) n=277 Minority (%) n=129 p-value
Sex
Male 259 (63.8) 184 (66.6) 75 (58.1)
Female 147 (36.2) 93 (33.5) 54 (41.9) 0.1058
Age Quartile
60-63.5 yrs 101 (24.9) 72 (26.0) 29 (22.5)
63.6-69.7 yrs 101 (24.9) 56 (20.2) 45 (34.9)
69.8-76.9 yrs 101 (24.9) 75 (27.1) 26 (20.2)
77-99.2 yrs 103 (25.4) 74 (26.7) 29 (22.5) 0.3834
TBSA% quartile
0-3% 89 (22.5) 60 (22.4) 29 (22.8)
4-8% 106 (26.8) 66 (24.6) 40 (31.5)
9-17% 94 (23.8) 70 (26.1) 24 (18.9)
18-100% 106 (26.8) 72 (26.9) 34 (26.8) 0.6252
Inhalation injury 66 (16.2) 39 (14.1) 27 (20.9) 0.0815
Median LOS (range) 10 (1-351) 7 (1-351) 15 (1-199) 0.0006
Comorbidities
Diabetes 89 (21.9) 47 (17.0) 42 (32.6) 0.0004
Peripheral vascular disease 26 (6.4) 13 (4.69) 13 (10.1) 0.0390
Cerebral vascular event 4 (1.0) 3 (1.1) 1 (0.8) 0.7700
Other 32 (7.9) 23 (8.3) 9 (7.0) 0.6442
Congestive heart failure 29 (7.1) 21 (7.6) 8 (6.2) 0.6153
Death 93 (22.9) 66 (23.8) 27 (20.9) 0.5180
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Table 3
Socioeconomic attributes of catchment area census block groups (CBG), 2000 United States Census§
Risk factor CBG without burn injuries (n=3631) CBG with burn injuries (n=377) p-value*
Median household income, USD 36,209 33854 0.0009
Rural census block 48.8 60.2 >0.0001**
Proportion with college/postgraduate degree 17.4 15.4 0.0015
Proportion Caucasian residents 72.1 64.8 0.0001
Proportion rental households 25.7 25.6 0.5681
Proportion below federal poverty line 11.7 14.11 <0.0001
Proportion single female household head 10.0 11.2 0.0003
Proportion >59 years old 21.3 21.2 0.3975
§
Median values except rural census block
*
Wilcoxon rank sum test
**
Chi-squared test
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